The cytoarchitecture of areas 5a and 5b of the cat's parietal cortex was re-examined and the afferent connections from the thalamus were investigated using the horseradish peroxidase (HRP) retrograde transport technique. Single or multiple small injections of the enzyme were made in different points of these areas in the rostra1 sectors of the lateral and middle suprasylvian gyri. The cytoarchitecture of the cortical region affected by the injections was carefully assessed in each case, and the labeled neurons found in the thalamus were plotted on projection drawings of each histological section. A prominent projection to area 5a arises from the posterior (PO) and ventral lateral (VL) complexes; iess substantial projections originate in the ventral anterior nucleus (VA), the lateral intermediate complex (LI), and the central lateral nucleus (CL). Projections to area 5b (and to the laterally adjacent area suprasylviana anterior) mainly arise from LI, the dorsal part of VL, and the caudodorsal part of VA and CL; a moderate projection was also found from PO, the pulvinar, and the lateral dorsal complex.
The cytoarchitecture of areas 5a and 5b of the cat's parietal cortex was re-examined and the afferent connections from the thalamus were investigated using the horseradish peroxidase (HRP) retrograde transport technique. Single or multiple small injections of the enzyme were made in different points of these areas in the rostra1 sectors of the lateral and middle suprasylvian gyri. The cytoarchitecture of the cortical region affected by the injections was carefully assessed in each case, and the labeled neurons found in the thalamus were plotted on projection drawings of each histological section. A prominent projection to area 5a arises from the posterior (PO) and ventral lateral (VL) complexes; iess substantial projections originate in the ventral anterior nucleus (VA), the lateral intermediate complex (LI) , and the central lateral nucleus (CL). Projections to area 5b (and to the laterally adjacent area suprasylviana anterior) mainly arise from LI, the dorsal part of VL, and the caudodorsal part of VA and CL; a moderate projection was also found from PO, the pulvinar, and the lateral dorsal complex.
The main conclusions of this study are as follows. (7) The shape and extent of areas 5a and 5b show notable variations when only their projection on the convoluted cortical surface is considered; however, they are relatively constant when plotted on unfolded cortical maps. (2) The thalamic neurons projecting to areas 5a and 5b are organized according to a loose topographic plan, particularly noticeable in PO, VL and LI. In general, the rostra1 portion of this cortex @a) receives projections from more ventral regions of the thalamus (mainly PO and VL), whereas the caudal part (5b) has connections from more dorsal regions (mainly LI and VA-VL). Moreover, the medial portions of these areas receive projections from lateral and ventral parts of the thalamic nuclei, whereas more dorsal and medial sectors of the thalamus project to the lateral portions of areas 5a and 5b. (3) When labeled thalamic cell populations resulting from cases with single injections in neighboring cortical loci were compared, no abrupt changes of labeling were observed; rather, we generally observed gradual transitions and overlaps, even across nuclear boundaries. (4) When only layers I and II of the cortex received the HRP, the number of labeled neurons and the intensity of their labeling decreased, their location in the thalamus was more restricted, and the mean size of the labeled cells was significantly smaller than that of the neurons labeled in the same regions after deep HRP injections. (Marshall et al., 1941; Amassian, 1954; Darian-Smith et al., 1966) . Electrical stimulation of area 5 also elicited topographically organized contralateral movements, even in the absence of motor and primary sensory cortices (Fleming and Crosby, 1955) . These physiological findings suggested a close functional relationship of area 5 with the somatic sensory system, but their anatomical bases were poorly understood. In fact, for many years, the only subcortical structure which was known to project to area 5 was the lateral posterior complex of the thalamus (LP) (LeGros Clark and Boggon, 1935; Waller and Barris, 1937) a nucleus which was thought to lack any subcortical input other than that coming from other thalamic nuclei (Rose and Woolsey, 1943) .
However, more recent findings have shown that the thalamic projections to area 5 arise not only from LP, but also from the ventrolateral complex (VL), nucleus ventralis anterior (VA), the posterior complex (PO), and the intralaminar nuclei, and that there are regional variations in these projections (Mizuno et al., 1975; Robertson, 1977; Tanji et al., 1978; Hendry et al., 1979; Niimi et al., 1979 (Tanji et al., 1978) , have they provided satisfactory cy -TABLE II  toarchitectonic correlations. Characteristics of HRP injections Area 5, which is composed of at least two different cytoarchitectonic sub-areas (Vogt and Vogt, 1919; Hassler and Muhs-Clement, 1964) , is also heterogeneous in physiological characteristics (Lynch, 1980; Hyvgrinen, 1982) 
Materials and Methods
This study was carried out on 18 adult cats of both sexes. Five animals were used for studying cortical cytoarchitecture.
The remaining 13 animals received HRP injections in different regions of area 5 and were used to study the thalamocortical connections.
Lateral area 5b (in GSs) Central part of areas 5a and 5b (in lateral bank of SL). HRP spread into underlying white matter Cytoarchitectural study. The animals were deeply anesthetized with pentobarbital (Nembutal, Abbot) and perfused with cold saline (500 ml) followed by buffered 4% paraformaldehyde (1 to 2 liters). Afler removing the bone of the cranial vault, the brains were stereotaxically blocked in situ, removed, and kept in the same fixative for several weeks. Two brains were then frozen and cut in the coronal plane at 40 Wm. Two other brains were embedded in paraffin and cut coronally at 20 pm. The fifth brain was embedded in celloidin and cut sagitally at 40 pm. Two series of each brain were collected; one was NissCstained with either cresyl violet or thionin and the other was stained using the Klijver-Barrera technique for simultaneous Nissl and myelin staining. The coronal sections of the Nissl-stained series were projected on paper and outlines of the parietal cortex were drawn. Surface reconstructions were made from these projection drawings, and the cytoarchitectonic divisions plotted on the latter were transported to the former. The procedure for obtaining a two-dimensional reconstruction of this region of the cerebral cortex was based on a previous description by Jones and Wise (1977) . The area of the cortex occupied by areas 5a and 5b was measured in two cases using a digital planimeter, and values obtained were corrected for shrinkage (Table I ). The correction factor was estimated from measurements of the shrinkage obtained by comparing distances between the tracks of two parallel stainless steel bars introduced at a known distance from each other prior to perfusion. Ill-defined area (probably 5b) in medial face of the hemisphere SSa (in medial bank of GSs) Layer I of the medial part of areas 5a and 5b (on GLa) paraformaldehyde and 1.25% glutaraldehyde in 0.1 M phosphate buffer (pH 7.3), and 1 liter of the same buffer with 10% sucrose. All solutions were kept on ice during the perfusion.
A peristaltic pump was used, and the total perfusion time was maintalned between 2 and 2.5 hr.
HRP study. In 12 animals anesthetized with Nembutal, one to six Injections of a 50% (w/v) aqueous solution of HRP (Sigma type VI) were made with a 1.~1 Hamilton syringe. All injections were placed in the right hemisphere under stereotaxic and topographic guidance through a fairly large craniotomy which allowed a good visual approach. The volume delivered in each injection was 60 nl. In an additional animal a small rectangle of filter paper, soaked in a solution of HRP, was applied to the cortical surface in the rostra1 portion of the lateral gyrus (GLa) (see "Results"). Table II shows the characteristics of the injections in each case.
After a 2-day survival, the animals were perfused through the ascending aorta with 300 ml of saline, followed by 2.5 liters of a solution of 1%
After perfusion, the brains were removed, quickly photographed, and immersed in phosphate buffer with 20% sucrose at 4'C for 1 to 3 days. They were then set on the freezing microtome, and two alternate series of 50.km-thick sectlons were obtained, the intervals for each series being 250 pm. Both series were incubated in tetramethylbenzidine and processed according to the protocol of Mesulam (1978) . One series was counterstained with thionin; the other was dehydrated, cleared, and coverslipped without prior counterstaining.
At the level of the injection, additional sections were collected and reacted using diaminobenzidine as a substrate (Llamas and Martinez-Moreno, 1974) . The lower sensitivity of this procedure yields a better definition of the "core" of the injection. This and other methods previously reported (Ramirez-Camacho et al., 1984) were used to identify accurately the cytoarchitecture of the region in which the HRP was injected. All sections were studied under bright-and darkfield illumination and labeled neurons were plotted on projection drawings of the histological sections. The stereotaxic planes were defined according to the atlas of Reinoso-Su&rez (1961) . The thalamic nuclear borders were determined for each individual section over low and high power microscopic examination, and the nomenclature of Reinoso-SuBez (1961), with modifications (Jones and Burton, 1974; Graybiel and Berson, 1980; see "Discussion") , was applied to the thalamic nuclei. (Fig. 1) . Although it certainly is characteristic, the appearance of Vol. 5, No. 6, June 1985 GSs Figure 7 . 4 Low power photomicrographs of 40-pm-thick cresyl violet-stained, frozen coronal sections through the rostra1 part of the lateral and middle GSs, approximately at stereotsxic planes +17 ( top) and +20 (bottom). Arrows point to cytoarchitectonic borders. Bar: 1 mm.
layer V IS not enough to identify these areas at all levels. The bottom of the lateral (SL) and ansate sulci (SNns), as well as the sections 4 The abbreviations used in the figures are: Am, nucleus anteromedialis thalami; Av, nucleus anteroventralis thalami; GL, corpus geniculatum laterale; LM, nucleus lateralis medialis; MD, nucleus medialis dorsalis; PC, nucleus paracentralis; PcD, postcruciate dimple; PO/?, nucleus posterior of Rioch; SAnL, sulcus ansatus, ramus lateralis; SAnM, sulcus ansatus, ramus medialis; SCo, sulcus coronalis; Sm, nucleus submedius; SSs, suprasylvian sulcus; VPm, nucleus ventralis posteromedialis. cut obliquely or tangentially to the cortical mantle (for example, at the junction of SAns and SL) introduces distortions such as disappearance of relevant pyramidal cells in layer V, or an irregular widening of this layer and changes in orientation of the pyramidal ceils which make area 5a, in particular, less apparent. Other features noted by Hassler and Muhs-Clement (1964) then become useful to distinguish these areas, such as the thinner layer IV in 5a and, in area 5b, the palisades of neurons in layer VI. Disregarding some minor differences, the supragranular layers are similar in areas 5a and 5b.
Area 5a is bound rostrally and medially by areas 1 and 2, of which the cytoarchitectonic features are quite distinct from those of. area 5a. However, a narrow transition zone exists along practically the entlre mediolateral extent of the boundary, making the delineation difficult at some points (see, for example, Fig. 1, bottom) . Caudally, the boundary between areas 5b and 7 is relatively sharp on GLa and the medial bank of SL but is less distinct In the suprasylvian gyrus (GSs). On the medial face of the hemisphere, area 5b stretches backwards until merging gradually with area 7 (caudally) and with a poorly studied area between the rostra1 tip of the splenial sulcus (SSp) and the cruciate sulcus (SC), which Hassler and Muhs-Clement (1964) interpreted as a caudal enlargement of area 3a, but which actually differs substantially from it as it appears in the posterior sigmoid gyrus.
Although cytoarchitectonic characteristics are basically consistent for each area, there are appreciable intra-areal regional variations. For example, in some animals, area 5a rostrally in the lateral bank of SL exhibits a relatively denser accumulation of large and mediumsized pyramidal cells in layer V. Also, in GLa, layer V in area 5b is usually comprised of larger, more abundant, and more tightly packed medium-sized neurons than in GSs (Fig. 2) .
The extent and topography of areas 5a and 5b on the cortical surface change remarkably from animal to animal. Figure 38 shows two cases reproduced from Hassler and Muhs-Clement's (1964) illustrations, which differ substantially from each other. Two cases from our own material are likewise represented in Figure 4A . This variability, in addition to the well known variations in cerebral sulci and gyri (Hassler and Muhs-Clement, 1964; Kawamura, 1971) , does not permit the identification of the locus of an injection exclusively from topographical landmarks. A more precise definition of the area and their relation to the gyri and sulci can be obtained from twodimensional maps produced by unfolding the cortical mantle, as described above. Figure 48 presents two cases in which, despite notable differences in sulcal morphology, areas 5a and 5b correlate quite well both in their general shape and in the total area occupied by each of them (Table I) .
Injections in area 5a. Two cases are representative of HRP injections in the medial (see Fig. 6 , G-456) and lateral (see Fig. 7 , G-309) halves of area 5a. Case G-456 received three injections evenly spaced in the rostra1 extreme of GLa. The most medial injection penetrated slightly into area 1 in the medial face of the hemisphere. Case G-309 also received three injections in the anterior part of GSs. All were confined to area 5a.
In both cases the. labeled cells in the thalamus were distributed mainly in the posterior complex (PO) and VL. Other less extensively labeled nuclei were VA, the oral part of the lateral intermediate complex (LIO) , and the periphery of the ventral posterior complex (VP) at some levels. Some labeled cells were also found in midline and intralaminar nuclei (particularly nucleus centralis lateralis (CL)), in the ventromedial nucleus (Vm), and in the caudal part of the lateral intermediate complex (LIC).
When area 5a was injected massively along its mediolateral extent (case G-288), practically all subdivisions of PO exhibited labeled neurons, with the exception of the intermediate part (Pal). However, labeling in the suprageniculate nucleus (Sg), the magnocellular part of the medial geniculate body (GMMc-its medioventral part, or slf; 5a 5b (1964) in which sulcal morphology and shape and extknt of areas 5a and Sb'on the co'tical surface differ remarkably.
see "Discussion"), and the ventral posteroinferior nucleus (VPi) was meager, whereas the medial posterior complex (PoM) and, to a lesser extent, the posterior complex, pars lateralis (PoL) were strongly labeled. In case G-309, injected laterally in area 5a, many labeled neurons forming irregular clumps were distributed throughout PoM, but labeling in PoL was almost absent (Fig. 5 ). In contrast, labeling was abundant in PoL and somewhat weaker in PoM when the most medial and rostra1 part of area 5a was injected (see Figs. 513 and 6).
The "spinal part" of VL (Jones and Burton, 1974) exhibited few labeled neurons in animals injected in area 5a. More dorsally, however, VL was densely filled with labeled cells. Rostrally, where VL and VA merge, labeled cells appeared more or less randomly scattered, sparing the dorsal zone of VA-VL, but extending ventrally and almost reaching the external medullary lamina. More caudally, the cells aggregated into clumps of irregular size and shape which reached the caudal end of VL. Labeled neurons were particularly sparse at the dorsomedial "corner" of VL, an area of ambiguous boundaries in many cases, which at some levels was included by Updyke (1983) as a part of his "lateral posterior complex shell region." A loose topographical organization was observed in VL cells projecting to area 5a: labeled neurons were more abundant in rostra1 and central-lateral sectors of VL after medial cortical injections and in caudal and central-medial sectors after lateral cortical injections (cf. Figs. 6 and 7).
A moderate number of labeled neurons was found in VP in all cats injected in area 5a. They formed a dorsal and rostra1 "cap" within the ventral posterolateral nucleus (VPI), but in case G-309 some neurons also appeared within the dorsolateral "shoulder" of the ventral posteromedial nucleus (see Fig. 5A ). Labeling in VP was always topographically continuous with that in the neighboring nuclei, such as VL or PoM.
The lateral intermediate complex (LI) was consistently labeled after injections in area 5a. The labeled neurons were distributed ventrally in this complex, primarily occupying its oral division (LIO). In general, labeling in LIO and LIC abutted that in the adjacent VL.
Labeled cells in the midline and intralaminar nuclei were not numerous. A few intensely labeld neurons appeared most frequently in CL, but with no clear-cut topographical preference (Fig. 5A ). Occasional labeled cells were found in the central medial (CeM) and paracentral nuclei, and only in case G-309 did a few labeled neurons appear in the rostra1 part of the centromedian nucleus (Cm). Labeled cells were also scarce in Vm.
injections in area 5b. Figures 9, 10 and 13 illustrate three representative cats injected in area 5b. Case G-543 received one single injection in the medial face of the hemisphere, just anterior to the rostra1 tip of SSp. The needle entered obliquely to the surface, and the bottom of the injection appeared to involve the 5b border, slightly affecting a cytoarchitectonically ill-defined zone at the mergence of areas 5a, 3a, and 5b (see Figs. 4 and 8A) . Case G-467 received three injections in GLa and the medial bank of SL, all of which remained within area 5b (Fig. 88 ). Case G-540 received one injection in GSs behind a shallow lateral branch of the ansate sulcus. In this case the injection was centered superficially in area 5b, but it is possible that the upper layers of area 5a were slightly involved by the injection as well (Fig. 8C) . Basically, the same thalamic nuclei were labeled in areas 5a and 5b: some components of PO, VA, VL, LI, and some intralaminar nuclei, particularly CL. However, the topography and the magnitude of the projections from each of these nuclei were quite distinct in areas 5a and 5b. Furthermore, in animals injected in area 5b-and particularly those injected laterally, in GSs-the lateral dorsal complex (LD) and the pulvinar (Pul) also exhibited some labeled neurons.
With the exception of case G-543, no labeled neurons appeared in VP after area 5b injections. Labeling in Vm and CeM was likewise meager in both groups of injections. In PO, only PoM was consistently labeld after injections in area 5b. Labeled neurons were not abundant and formed irregular clumps throughout the nucleus. A few labeled neurons also appeared in VPi, but only in case G-543.
Labeling in VL, in contrast, was substantial and was distributed more dorsally and medially than that produced by area 5a injections. Our material does not allow us to establish a clear-cut topographic organization, although regional differences were found. For example, in cases G-450, massively injected in area 5b (see Fig. 20 ) and G-540, injected laterally and caudally in area 5b (Figs. 8C and 13) there appeared labeled neurons in the dorsomedial "corner" of VL (see Fig. llA ), whereas neurons labeled by more medial-and rostral-injections (cases G-467 and G-543) were found at more ventromedial sectors of VL and in the lateral sheet interposed between LI and VP (Figs. 9 and IO).
All injections in area 5b gave rise, at the level of the VA-VL junction, to an area of labeled neurons which merged dorsolaterally with others in the rostra1 tip of LIO and stretched medioventrally from there ( Fig. 11 B) . Leaving aside a few occasional labeled neurons, the ventral half of VA-VL and VA proper (see "Discussion") were free of labeling. Labeling in LI was particularly dense after injections in area 5b and exhibited a gross topographical organization. Medial and rostra1 injections in area 5b (case G-467) gave rise to a,,dense population of labeled neurons, mainly distributed in the rostra1 and lateral two- of these areas (+, area 5a; A, area 5b) on the cortical surface. El, Projection of areas 5a and 5b on a flat map of the cortex obtained by unfolding gyri and sulci. Shaded areas and continuous lines in B represent, respectively, the banks and bottom of sulci. Arrows point to the dorsomedial "shoulder" of GLa, from which the cortex was unfolded. Scales on the right of each drawing represent stereotaxic planes.
more caudally situated (Fig. 12) . The lateral cases, injected in GSs, nucleus, but scattered labeled neurons were often found at other had two separate populations of labeled cells, a small rostra1 and levels. In LD, some labeled cells were found in the ventral part of its lateral one in LIO, topographically continuous rostrocaudally with medial division (LDM), but only when GSs was injected. In these labeled cells in VA-VL, and a larger one, caudomedially situated cases, a few labeled neurons appeared in Pul as well, distributing straddling LIO and LIC (see also Fig. 20) .
medially and rostrally in this nucleus (Fig. 13 ). In CL, both large and small cells were consistently labeled by injections in area 5b (Fig. 5C ). In general, these cells tended to aggregate loosely in the lateral region of the caudal half of this Injections in the medial bank of anterior suprasylvian sulcus. In two animals a single HRP injection was made in the medial bank of the suprasylvian sulcus. In case G-559 (Fig. 14) the injection was confined to area suprasylvania anterior (SSa) of Sanides and Hoffman (1969) . This cortical region is interposed between area 5a medially, area 2 praeinsularis (Hassler and Muhs-Clement, 1964) or SII (Burton et al., 1982) laterally, area 2 rostrally, and the anteromedial lateral suprasylvian area (AmLS) (Palmer et al., 1978) caudally. The injection in G-520 (Fig. 15) was located more caudally, in the caudal part of SSa and in a region which topographically corresponds to the rostra1 part of AmLS as defined by Palmer et al. (1978) . The HRP in this case spread also into the deep layers of the lateral part of area 5b. The close relationship of the retrograde thalamic labeling in these cases and those injected in various parts of area 5 justifies including them in the present study. The location of labeled neurons in case G-559 practically reproduced that obtained after injections in area 5b in GSs (cf . Fig. 13) ; although the labeled neurons in LIC and LIO are more dorsally situated, there is an absence of labeled neurons in LDM and there is a small contingent of labeled cells in the lateral part of LP (LPI) in case G-559. Labeling in the thalamus was also similar in case G-520, although labeled neurons in LIO and LIC in this case were even more dorsally located, and some neurons also appeared in LDM. At caudal levels, however, the picture was remarkably different, because of the existence of a sizable amount of labeled cells in LPI and in the posterior nucleus of Rioch.
Thalamb projections to superficial layers of area 5. Thalamic cells which project specifically to the superficial layers of area 5 could be identified in two cases. In G-535 the tip of the needle fortuitously penetrated layer I of the cortex of the lateral bank of SL, resulting in a small injection of HRP in layers I and II (Figs. 16 and 18A) . In G-565 a piece of filter paper soaked in a solution of HRP was placed on the surface of the anterior end of GLa, which previously had been rubbed gently with a cotton-tipped applicator. In this case, the scarce, small in size, and, in general, only moderately filled with HRP apparently diffused only into layer I and indirectly produced a reaction product (Fig. 18, B and E). They were also located primarily strong labeling of neuronal somata in layers II, III, and V, perhaps in the rostra1 half of VL, but with a different distribution: central and through a dendrosomatic transport (Figs. 17 and 180) . medial in case G-535, and forming two separate clumps, one laterally Labeled neurons in the thalamus in both cases were relatively and one ventromedially in case G-565. Occasional labeled neurons to animals which received single injections. 13 shows the central one of three injections which were placed in G/a. All cases were reacted with tetramethylbenzidine.
Bar: 2 mm. appeared in the ventrolateral part of Vm close to VL. In case G-565 a few labeled neurons were also seen in the ventral periphery of LIO, in continuity with those in VL, and occasional ones were found in Cm, CL, and PoM; a moderate number of faintly labeled neurons also appeared in the caudodorsal zones of VA.
From these data it seems that projections to layer I arise from several thalamic nuclei. This does not mean, however, that all thalamocortical neurons project to layer I. We should emphasize that fewer labeled neurons were found in case G-565 than in other cases, such as G-456, in which the HRP was injected at a similar level of GLa, but throughout the full depth of the cortex. In addition, the mean soma size of layer l-projecting neurons is significantly smaller than that of thalamocortical neurons labeled by deeper injections (for example, 198.2 + 52.0 pm* in G-535 versus 257.0 + 74.0 in G-541; see Figs. 18 and 19) , which suggests that these projections arise, in part at least, from different populations of thalamic cells.
Discussion
Area 5 and the posterior parietal cortex. The posterior parietal cortex in the cat and other carnivores is a portion of homotypical isocortex situated behind SI, rostra1 to perivisual and medial to periauditory areas. Brodmann (1909) identified three main divisions of this cortex in the kinkajou: areas 5, 7, and 51, the latter being apparently unique to this species. Subsequently, Vogt and Vogt (1919) subdivided areas 5 and 7 into 5a, 5b, 7a, and 7b in Cercopithecus. In the cat, Winkler and Potter (1914) and Gurewitsch and Chatschaturian (1928) first attempted to map the cortical areas according to the system of Brodmann (1909), but their findings differed substantially from each other and were also at variance with Brodmann's (1909) study. More recently, Hassler and Muhs-Clement (1964) divided the posterior parietal areas in the cat into areas 5a, 5b, and 7, and their description has been widely used thereafter.
G-543
Avendaiio et al. Despite its wide use, Brodmann's (1909) terminology has not Economo and Koskinas, 1925; Von Bonin and Bailey, 1947) . For the been accepted by all, mainly to avoid establishing interspecies cat, Sanides and Hoffman (1969) coined the terms "integration homologies of cortical areas, particularly in relation to the "associacortex" or "integration belt" to designate the cortex of the anterior tion" cortex (Sanides and Hoffman, 1969) . To circumvent this proband middle GSs and the rostra1 portion of GLa, a region which lem, topographically based terms were chosen by others (Von largely coincides with Brodmann's areas 5 and 7. This "belt" was G-467 Figure 72 . Darkfield photomicrograph of a lateral sector of the thalamus at the level of the caudal part of LIO in case G 543, which was injected in the most medial part of area 5b. In addition to many labeled neurons, mainly located in LIO, a dense, fine precipitate due to anterograde transport is observed in LIO and in the dorsolateral part of VL. Bar: 500 pm. divided into three divisions, parietal, suprasylvian, and suprasylvian sulcus belts, each of which was further subdivided on topographical grounds (Fig. 3A) . Although it is not possible to separately equate each of Sanides and Hoffman's (1969) divisions with Brodmann's, area 5 as a whole corresponds most closely to the parietal integration belt. There are, however, two important differences. The first one is that Sanides and Hoffman (1969) separated the parietal integration belt into two parts by a tongue of "peristriate cortex" which protruded rostrally toward the medial bank of the ansate sulcus; and the second is that for these authors the major changes in cytoarchitecture in this region proceed from medial to lateral, whereas for Hassler and Muhs-Clement (1964) the progression runs from rostra1 to caudal.
We have chosen Brodmann's nomenclature in our work for several reasons. (7) Our findings show that the major cytoarchitectonic changes take place in a rostral-to-caudal progression, that is, areas 1-2, 5a, 5b, and 7. This fact notwithstanding, regional differences can also be observed within areas 5a and 5b in their mediolateral extent. (2) An "equivalency" (see Sanides and Hoffman, 1969) between areas 5a and 5b in cats and primates is supported by connectional and physiological findings, as will be commented on below. Accepting homonymous areas as "equivalent" across species should not imply that they are "homologous" or "analogous" in the full sense (Campbell and Hodos, 1970) . Consequently, naming "area 5" a part of the cerebral cortex does not necessarily imply that this area must have a common phylogenetic ancestor and exhibit all and only the same functions in both species. (3) Finally, Brodmann's nomenclature has been extensively used in the cat in many laboratories Projections from PO. In the broadest sense, PO ecompasses several aggregates of differently shaped neurons which together form a shell around the ventrobasal complex (VB) and separate it from the medial geniculate and the LP-LI (Rose and Woolsey, 1958; Jones and Powell, 1971; Jones and Burton, 1974; Updyke, 1983) . Thus defined, PO would include Pol, PoL, PoM, Sg, VPi, and even the VL-spinal zone (Jones and Burton, 1974; Berkley, 1980) which dorsally and medially surrounds the dorsal half of VP. The ventrocaudal part of PoM, as defined by Jones and Burton (1974) lies medioventrally to GMMc and was called by Updyke (1983) the "supralemniscal field" division of PO (slf). In our figures no distinction has been made between slf and GMMc.
Before the introduction of axoplasmic transport techniques, the cortical projections attributed to PO were mostly to "secondary" auditory and periauditory areas (Rose and Woolsey, 1958; Heath and Jones, 1971; Graybiel, 1973) . However, Rose and Woolsey (1958) raised the possibility that a part of the somesthetic cortex (SII) received projections from the rostra1 parts of PO and considered this thalamic region ideally suited for "tactile and auditory interconnections." In fact, recent studies have demonstrated that the projections from PO are widely distributed in the cerebral cortex with a remarkable degree of topographic specificity (Bentivoglio et al., 1983) . In the somatosensory cortex, all of its subdivisions receive projections from PoM, but although this projection to SI is meager (Spreafico et al., 1981) it is much larger to SII (Spreafico et al., 1981; Roda and Reinoso-Suarez, 1983 ) and SIV (Roda and ReinosoSuarez, 1983). Also, PoM projects weakly to the motor cortex (Moran et al., 1982) .
The existence of a direct projection from PO to area 5 was first reported in the cat (Robertson, 1978; Tanji et al., 1978) and in the monkey (Pearson et al., 1978) and was thereafter confirmed in a number of species (Hendry et al., 1979; Niimi et al., 1979; Donoghue and Ebner, 1981; Miyata and Sasaki, 1983; Neylon and Haight, 1983) . Reports in the cat describe PoM as the only subdivision of PO projecting to area 5 and, more specifically, to area 5a (Tanji et al., 1978; Hendry et al., 1979) . Our results show that PoM is the major source of projections from PO to area 5 and that these projections are particularly abundant to area 5a. However, area 5b also receives some projections from clumps of neurons in PoM, and projections to area 5a arise also from PoL. The difference between our findings and those of Tanji et al. (1978) may be explained by the fact that these authors injected only the lateral part of area 5a which, in accordance with our results, receives connections from PoM but not from PoL.
The finding of labeled cells in PoL after area 5a injections was not unexpected, since cells activated by somatic stimuli have been noteworthy that PoL seems to project mainly to the cortical sectors recorded in this nucleus (Guilbaud et al., 1977; Blum and Gilman, representing the caudal parts of the body; that is, the upper bank 1979). Also, PoL projects to SII (Spreafico et al., 1981; Bentivoglio of SC (Nieoullon and RispaCPadel, 1976; Moran et al., 1984 Moran et al., ) the et al., 1983 Roda and Reinoso-Suarez, 1983 ) SIV (Roda and caudal part of SII (Spreafico et al., 1981; Burton et al., 1982 ) the Reinoso-Suarez, 1983) and area 4 (Moran et al., 1982) . In areas 4, caudal part of SIV (Clemo and Stein, 1982 ; Roda and Reinoso-SII, SIV, and 5a there is a recognizable somatotopy, and it is Suarez, 1983) and the medial part of area 5 (present findings).
G-559 /d +8.5 A-4 +7.7 Figure 74 . Injection locus and thalamic labeled neurons in an animal which was injected singly in the medial bank of the anterior suprasylvian sulcus, affecting area SSa of Sanides and Hoffman (1969) . Conventions are as in Figure 6 .
The response properties of PO neurons upon somatic stimulation 1974). However, fibers from different parts of SI distribute to different show large receptive fields, and early descriptions failed to recognize sectors of PO (Rinvik, 1968b) . More recently, a loose topographic a somatotopical organization of afferents in PO from the spinal cord organization has been reported for the projections to PoM from the or the dorsal column nuclei (Boivie, 1971a, b; Jones and Burton, dorsal column nuclei, the lateral and rostra1 parts of PoM mainly G-520 Figure 75 . Injection locus and thalamic labeled neurons in an animal which received a single injection in the medial bank of the suprasylvian sulcus, slightly more caudal to that shown in Figure 14 , which affects SSa and AmLS. Conventions are as in Figure 6 . Vol. 5, No. 6, June 1985 Figure 76. Thalamic labeled neurons produced by a small injection in the lateral bank of the lateral sulcus, which affects layers I and II of area 5a. Conventions are as in Figure 6 .
receiving projections from the gracile nucleus, and the caudal and medial parts receiving mixed connections from the gracile and cuneate nuclei (Berkley, 1980) . Since spinothalamic and lemniscal projections end without discontinuities in PoL and PoM, it is reasonable to speculate that the somatic input to PoL arises from the hindlimb, which would agree well with the PoL projection onto the medial part of area 5a, as shown here. The significance of PO projections to area 5 remains elusive. Among the different sensory modalities which converge on PO neurons, nociceptive input has perhaps the greatest effect on ongoing neuronal activity (Guilbaud et al., 1977) . Furthermore, SII, an important cortical target for PO, was implicated in the experience of pain (Berkley and Palmer, 1974) . Since there are no indications of area 5 neuron responses to noxious stimuli, it is possible that PoM and PoL-or their thalamic counterpart in the monkey-are responsible at least in part for the cutaneous responses which are recorded in a sizable proportion of neurons in area 5a (Sakata et al., 1973; Mountcastle et al., 1975; Tanji et al., 1978) .
Projections from VL and VA. It is no longer possible to regard VL as a unique entity, in carnivores at least, although no consensus has yet been reached as to what subdivisions in this complex can be made on sound morphological, connectional, or functional grounds. A conservative criterium was followed in the figures presented in this work, labeling as VL the territory lying between VP, LI, Vm, and the intralaminar complex, that continues caudally into PO and rostrally merges with VA (Rioch, 1929; Jasper and Ajmone-+ 10 \ \ -_--'. 1 c> i :* .: @ VL \ . \ \ DD 0 Marsan, 1954; Reinoso-Suarez, 1961 ). At least three major subdivisions can be distinguished in this territory. First, the so-called "spinal portion" of VL (Jones and Burton, 1974 ) also called VB/VL border zone by Berkley (1980; see also Updyke, 1983) caps dorsally, medially, and rostrally the rostra1 part of VPI and is caudally continuous with PoM, PoL, and VPi. This region is characterized by a mixed population of small and medium-sized neurons with some outlying larger VP cells (Jones and Burton, 1974) and it is an important target for spinothalamic fibers (Boivie, 1971 b; Jones and Burton, 1974; Berkley, 1980) . Second, VL merges with VA, rostrally, but the boundary between both varies considerably from animal to animal. This boundary is more easily identified by differences in cell packing density and distribution of fiber bundles than by cell morphology. In the cat, VA cells are somewhat larger than those in VL, but the change in cell size, particularly in coronal sections, is not abrupt (Rinvik, 1968a; Berman and Jones, 1982) . In the cat and the dog, a caudodorsal extension of cells which caps the rostra1 pole of LIO has been commonly included in VA (Rioch, 1929; Jasper and Ajmone-Marsan, 1954; Reinoso-Suarez, 1961; Berman and Jones, 1982; Updyke, 1983) . However, on the basis of different corticothalamic afferents, Rinvik (1968a) ascribed this sector to VL in the cat. In the dog, Sakai et al. (1983) observed that this sector differed substantially from more rostra1 sectors of VA in cell packing density and in acetylcholinesterase (AChE) staining, which was moderately positive, as in VL, whereas VA was AChE negative. These findings, which are consistent with data from the cat (Graybiel and Berson, 1980; C. Avendano and E. Rausell, unpublished observations), led Sakai et al. (1983) to consider this sector as a "dorsal division" of VL. Whenever this sector is present in our figures, the whole area of the ventral nuclei has been labeled "VA-VL." Third, the rest of VL ("principal division," in Sakai et al., 1983) while forming the bulk of the nucleus, is by no means homogeneous in structure. Medium-sized cells predominate, but small cells are also found ubiquitously. A distinct border with the VL "spinal zone" is lacking, whereas the boundary with LI is variable in position and definition, especially at the VL dorsomedial "corner" where CL, VL, and LI meet. This sector, which was included by Updyke (1983) within LP (or LI), is clearly outlined in some animals but very imprecise in others.
Our findings show that, together with PO, VL is the main source of thalamic projections to area 5a and also is an important one to area 5b and SSa. There are notable topographic differences in these projections, however. The medial part of area 5a (in GLa) receives a prominent projection from the "principal" part of VL, a moderate projection from the "spinal" part, and only a meager projection from the "dorsal" part. The input from VL to GLa decreases sharply when HRP is located in area 5b, just caudal to area 5a, and the labeled neurons then occupy more dorsal levels of VL (Fig. 20) . Lateral area 5a injections (in GSs) likewise label many neurons in VL, in similar proportions in its three parts, but in a somewhat more medial and dorsal location than after medial area 5a injections. Lateral Sb-and SSa-injections, in turn, reveal a projection from the "principal" part of VL similar to that of medial area 5b, but they also give rise to a much larger population of labeled cells in the "dorsal" part of VL.
VL projections to area 5 were first described by Smaha et al. (1969) although this finding was later interpreted as artifactually produced by the passage of the lesioning electrode through the cortex (Strick, 1973) . More recently, projections from VL or from the caudodorsal part of VA to area 5 in the GSs have been repeatedly confirmed (Mizuno et al., 1975; Robertson, 1975 Robertson, , 1977 Robertson, , 1978 Bentivoglio et al., 1978; Hendry et al., 1979; Niimi et al., 1979) although there are several discrepancies in these reports. For example, in contrast with our results, Robertson (1977) described more abundant projections from VL to area 5b than to area 5a, and only a light projection from VA to the lateral part of area 5b. Also, whereas Tanji et al. (1978) reported a scanty projection from VA to area 5a in GSs, which is consistent with our results, Hendry et al. (1979) described a fairly large projection from the caudodorsal part of VA to the same region (see their Fig. 6 ). Moreover, on the basis of data obtained from the same case, these authors stated that labeled neurons in the "principal" part of VL distributed outside the region of VL labeled by injections in area 4, a finding which is in conflict with other reports (Moran et al., 1982, 1985) . It is likely that these Figure 78 . A and B, Photographs of the injection site and of two labeled neurons in VL in case G-535 (see Fig. 16 ). C, Labeled neurons in the same region of VL as In 6, in case G-541, which received a deep HRP injection in the lateral bank of the lateral sulcus. Note the larger size of many of these neurons compared to those In 5. D, HRP deposit In layer I on the top of GLa in case G-565 (see Fig. 17) ; the dark bands in layers 11-111 and V correspond to neuronal bodres probably labeled through dendrosomatic transport from layer I. E, Small, weakly labeled neurons in the ventrolateral part of VL in case G-565. Bars: A and D, i mm; 6, C, and E, 100 pm. discrepancies can be accounted for by the fact that Hendry et al.
(1979) did not explore the medial sectors of area .5a, and by a probable caudal spread of HRP into area 5b, since ihnone of our "pure" injections in area 5a or 5b is there a combination of labeling in VA, VL, CL, and PO such as that reported by these authors after a lateral area 5a injection. The topographic coincidence of labeled neurons in VL after area 4 and area 5a injections is remarkable, as well as the considerable overlap between the VL regions labeled by area 5b and area 6 injections, If a difference must be pointed out, it regards the slightly more ventral location' of labeled neurons and their larger occupation of the VL "spinal" zone after area 4 injections, and the ventromedial displacement of the labeled cells, approaching Vm, after area 6 injections (M. A. Moran, C. Avendaiio, and F. Reinoso-Suarez, manuscript in preparation).
Both the "dorsal" and the "principal" zones of VL receive an important contingent of monosynaptic afferents from the deep cerebellar nuclei (see references in Hendry et al., 1979 ; see also Kultas-llinsky and Ilinsky, 1983; Sakai et al., 1983) . The former mediate recruiting responses in the posterior parietal cortex, probably including area 5b (Sasaki et al., 1972; Oka et al., 1982) . Many figure 19 . Histograms showing the soma size of labeled thalamic neurons after superficial cortical deposits of HRP (shaded bars). Only labeled cells in VL (case G-532, right histogram) or in VL + LIO (case G-565, left histogram) were measured. Similar measurements were made on neurons labeled after deep HRP injections in corresponding topographical and areal locations. All labeled neurons appearing in these nuclei in every fifth section were plotted in those cases with superficial deposits of HRP, whereas all labeled neurons within a 300,000-Fm* field at topographically matching loci, in the same number of sections, were measured in cases wrth deep injections. Arrows point to mean values for each case. The difference for each pair of cases was significant at p < 0.005 (Student's t test). Values were not corrected for shrinkage.
neurons in GSs which receive projections from the "dorsal" VL project, in turn, to the pontine nuclei (Mizuno et al., 1973; Steriade et al., 1978) thus establishing an oligosynaptic circuit between the cerebellum and, most probably, area 5b. The involvement of this cortical region in the motor system is strengthened by the fact that the same caudodorsal sector of VA also projects to the premotor cortex (Strick, 1973; Vedovato, 1978; AvendaAo and Llamas, 1984) and because areas 6 and 5b entertain topographically organized corticocortical connections (see references in Jones et al., 1978; Isorna, 1983) .
The cerebellar projections to the "principal" part of VL arise largely from the nucleus interpositus and distribute in VL with a gross somatotopic organization (Angaut, 1973; Nakano et al., 1980) . The nucleus interpositus receives a somototopically organized projection from the paramedian lobule of the cerebellum (Courville et al., 1973) which, in turn, receives a wealth of proprioceptive impulses somatotopically organized (see references in Brodal, 1981) . It is likely that input from deep receptors may reach area 5 through this cerebellothalamocortical path, and this could lend an anatomical substrate to the large proportion of joint responses recorded from the rostra1 part of area 5 (see references in Mountcastle et al., 1975, and Dykes, 1983) . Area 2 also exhibits many units which are activated by joint stimulation, but the most likely thalamic relay in this case is the dorsal part of VP and, perhaps, the adjoining VL "spinal" zone (AlbeFessard, 1967; Yin and Williams, 1976; Ramirez-Camacho et al., 1984) . Moreover, the qualitative features of joint responses in areas 2 and 5a are not the same (Mountcastle et al., 1975) which would favor other structures as candidates for the relay of deep somatic input to area 5a, such as PO, "principal" VL, or even corticocortical connections from SI and area 4.
Projections from LI. In the present work LI and its subdivisions, LIO and LIC, have been named after the terminology of Graybiel and Berson (1980) . These authors borrowed these terms from Rioch (1929) although their subdivisions do not exactly match those of Rioch (1929) and are based on variations in AChE stain and connectional patterns rather than on cyto-and myeloarchitecture.
Our results show that projections to area 5 from LI are organized in a complicated pattern (see Fig. 21 ). Area 5a receives projections only from LIO, whereas area 5b is connected from LIO, LIC, and, to a much lesser extent, the adjoining Put Projections to the medial part of areas 5a and 5b arise from a relatively continuous population of neurons in LIO, which are more ventrally placed and fewer in number in area 5a than in area 5b cases. In the latter, they are more dorsally located and are much m,ore abundant. In contrast, the lateral portions of areas 5a and 5b (and, to some extent, SSa) receive projections from two more-or-less separate cell populations, one in the rostra1 sectors of LIO and the other located caudoventrally in LIO and-in the cases of area 5b injections-in LIC. Lateral injections in areas 5a and 5b differ, however, in the more dorsal and medial location of the labeled cells in area 5b cases: at rostra1 levels, labeled cells in these cases are continuous medially with cells labeled in VA-VL, whereas in area 5a cases they merge ventrally with labeled cells in VL. Labeled cells in Pul were observed only after lateral area 5b and SSa injections and, in all cases, concentrated in the medial border of the rostra1 part of this nucleus. Graybiel (1972) provided the first evidence for the existence of a topographical organization in the projections from LP, LI, and Pul to areas 5 and 7. In all cases in which there were degenerating fibers in area 5 (no distinction between areas 5a and 5b was made), the lesions had affected the ventral parts of LIO and LIC. These projections to area 5 have been better delineated in recent years with the HRP technique in the cat (Mizuno et al., 1975; Robertson, 1977 Robertson, , 1978 Tanji et al., 1978; Hendry et al., 1979; Niimi et al., 1979; Oka et al., 1982) and other species (Pearson et al., 1978; Jones et al., 1979; Donoghue and Ebner, 1981; Miyata and Sasaki, 1983) . However, none of these studies gives a complete view of these projections, and several inconsistencies can be found. For example, Tanji et al. (1978) described only "occasional small clusters of labeled cells" in LP after a small injection in the lateral part of area 5a, whereas an apparently similar case of Hendry et al. (1979) produced many labeled neurons in the dorsal part of LP (probably corresponding to LIO). However, as was noted above, it seems that in this case the HRP injection also involved area 5b. Niimi et at's (1979) results are difficult to evaluate, but it seems that they attribute a larger number of projections from LP to area 5a than to area 5b in GLa, which would contrast markedly with our results. Closer agreement exists between our findings and those briefly reported by Robertson (1978) .
The functional implications of the LI-area 5 projections are far from clear. LI receives afferents from a number of subcortical structures, most notably from the pretectum, the deep layers of the superior colliculus, the pedunculopontine tegmental nucleus, the oculomotor complex, the parabrachial nuclei, some components of the brainstem reticular formation, and the lateral cerebellar nucleus (see Rodrigo-Angulo and Reinoso-Suarez, 1983, 1984) but the largest contingent of afferents derives from the cerebral cortex and follows a fairly strict reciprocal pattern (see references in Robertson and Cunningham, 1981 ; see also Fig. 21) .
On the basis of the afferent connections from structures related to the extrageniculate visual system, Updyke (1983) proposed the existence of a continuous visual field representation in his caudal and rostra1 layers of the lateral division of LP (equivalent to the present LPI, and large parts of LIC and LIO). A careful analysis of published material shows that neither subcortical nor cortical afferents related to the geniculate or extrageniculate visual system terminate in significant quantity in the region of LIO and LIC connected with area 5. Projections from the retina, the superficial layers of the superior colliculus, and the pretectum end in LPI, the medial part of LP, or Pul (see Graybiel and Berson, 1980; Updyke, 1983) . Corticothalamic afferents from areas 17, 18, 19, 20, and 21 , and most of the lateral suprasylvian areas distribute only in caudal, dorsal, and/or lateral sectors, sparing to a large extent the area 5-related region of LIC (Updyke, 1977 (Updyke, , 1981 Graybiel and Berson, 1980; Berson and Graybiel, 1983; Raczkowski and Rosenquist, 1983) . AmLS is an exception, since it sends a heavy projection to a sector of LIC (Updyke, 1981; Berson and Graybiel, 1983) which widely overlaps the region of this nucleus projecting to areas 5b and SSa. Visual units have also been found in rostra1 parts of LIC, some exhibiting somatovisual or even somatoauditory-visual convergence (Avanzini et al., 1980) but their long response latencies make it unlikely that these units represent relays in a "parallel" transmission to the cortex of extrageniculate visual input. Field-and single-unit analyses performed on a cortical region probably including area 5b have also shown polysensory responses and convergence in the cat (Bental and Bihari, 1963; Thompson et al., 1963; Dubner and Rutledge, 1964) . However, area 7 involvement in these studies cannot be precluded, because of the lack of precise topographic and architectonic correlates. Data from monkeys indicate that visually responsive units are virtually lacking in area 5a, are scarce in area 5b, and increase in number steadily from the rostra1 limit of area 7 (Mountcastle et al., 1975) .
It seems then that a spatially organized visual input to the region of LI which projects to area 5 is probably minimal. Although LP, the caudal and dorsal sectors of LIC, and, partly at least, Pul are directly implicated in conveying and integrating different aspects of visual information, LIO and the rostroventral sectors of LIC are more likely engaged in polysensory-motor integration, also including visuomotor functions. In this regard, the stimulation of LIC and LIO evokes eye movements independently of the integrity of the superior colliculus (Crommenlinck et al., 1977; Wilson and Goldberg, 1980) and the ablation of a portion of the GSs including area 5b and rostra1 area 7 severely impairs certain behavioral tasks involving visuomotor guidance which are not affected by more caudal area 7 lesions (Fabre and Buser, 1981) . Furthermore, the close relationship of most of the subcortical afferents of LI with the motor system (see above) and the finding of a substantial projection to certain parts of the motor cortex from LIO and rostra1 LIC (Moran et al. 1982 ) also speak in favor of an important role of this thalamic region in sensory-motor integration.
Projections from the intralaminar complex. The delineation of the intralaminar nuclei is relatively straightforward and little discrepancy has existed about it in the literature (Jasper and Ajmone-Marsan, 1954; Reinoso-Suarez, 1961; Rinvik, 1968a; Berman and Jones, 1982) .
Present findings point to CL as the main source of intralaminar projections to area 5. These projections are more abundant to area 5b and to GSs than to area 5a and GLa. The whole projection field of CL includes the striatum, some parts of the motor and premotor cortices, the posterior parietal cortex, and some visual cortical areas c, caudal; dl, dorsolateral; dm, dorsomedial; r, rostral; vl, ventrolateral; vm, ventromedial.
The approximate distribution of labeled neurons is shown as clouds of dots in similar spatial reconstructions of LI in the lower two rows of drawings.
(Jones and Leavitt, 1974; ltoh and Mizuno, 1977; Kennedy and Baleydier, 1977; Macchi et al., 1977; Tanji et al., 1978; Vedovato, 1978; Hendry et al., 1979; Niimi et al., 1979; Macchi and Bentivoglio, 1982; Moran et al., 1982; Cavada and Reinoso-SuBez, 1983) . Despite the large projection field of the intralaminar nuclei taken as a whole, it is no longer possible to consider them, and particularly CL, as a "diffuse" system. On anatomical grounds, there is a recognizable topographic plan in the CL efferent projection. For example, the striatal projections arise from dorsal and medial sectors of the nucleus (Bentivoglio et al., 1983) ; projections to area 5 arise mainly from lateral sectors (Hendry et al., 1979 ; present findings); and a certain regional preference also exists in CL projections to areas 4 and 6 (Vedovato, 1978; Moran et al., 1982) although a strict topographic organization such as that reported by ltoh and Mizuno (1977) is probably too exaggerated. Moreover, only a small proportion of individual cells in CL send widely branching fibers into separate target fields (Van der Kooy, 1979; Bentivoglio et al., 1981 Bentivoglio et al., , 1983 Jinnai and Matsuda, 1981; Steriade and Glenn, 1982) .
A large variety of subcortical inputs converge in CL. The most prominent are from the spinal cord, a number of brainstem reticular structures, superior colliculus, pretectum, substantia nigra, periaqueductal gray, and the deep cerebellar nuclei, some of which, at least, reportedly end in different sectors of the nucleus (see Hendry et al., 1979, and Martinez-Bermejo, 1983 , for discussion and references). However, the projections from CL to area 5 do not seem to arise from any particular sector of CL related to one or another input For example, in agreement with a previous report (Hendry et al., 1979 ) the projection from CL to area 5 originates from both the caudally placed large neurons, on which the spinothalamic cells are said to terminate (Mehler, 1966; Jones and Burton, 1974) and the smaller cells, more widely distributed within the nucleus.
Although other sensory inputs to CL should not be disregarded (Blum and Gilman, 1979 ) the spectrum of the afferent and efferent connections of this nucleus is suggestive of its playing an important role in organizing some aspects of visuo-and somatomotor behavior. Available data that show a complex integrative function of CL in visuomotor behavior favor this view (Schlag and Schlag-Rey, 1971; Hunsperger and Roman, 1976; Schlag et al., 1980) . Superficial thalamocortical projections. Recently, it has been shown that most, if not all, thalamic nuclei have a heterogeneous population of thalamocortical neurons in regard to their laminar projection pattern in the cortex (see Caviness and Frost, 1980 and Avendaho and Llamas, 1984) . Moreover, it was conclusively demonstrated that there were morphological differences in the thalamic neurons projecting to different layers. Using superficial applications of HRP onto the striate cortex of the tree shrew and a prosimian, Carey et al. (1979) 
